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A THIN-WALLED RUBBER ARTICLE, PROCESS FOR THE PREPARATION OF 
THE RUBBER ARTICLE AND A SOLUTION FOR THE PREPARATION OF 
SAID RUBBER ARTICLE 

5 

Background of the invention 

The present invention relates to a thin-walled rubber 
article, such as for instance gloves or condoms, prepared by 
10 dip forming, Morever, the invention relates to a process for 
the preparation of such rubber article and to a solution for 
the preparation of said rubber article. 

Soft, elastomer ic, protective rubber articles, for 
instance gloves or condoms, have for a long time been made 
15 from natural latex or natural rubber dissolved in a suitable 
solvent, for instance aliphatic hydrocarbons. In order to 
obtain articles with a sufficiently high strength and ela- 
sticity it is necessary to vulcanize or in other ways chemi- 
cally cross-linking the molecule chains of the rubber, which 
20 requires the presence of curing-agents, activators, accele- 
rators, and possibly antioxidants. The presence of such 
agents often give rise to allergic reactions among the users 
of said articles. 

Furthermore, all latices of natural rubber contains 
25 proteins, which may cause type I allergy (immediate hyper- 
sensitivity reaction) resulting in fatal cases in anaphylac- 
tic chock. 

Great efforts have therefore been made to develop 
rubber articles based on synthetically manufactured rubber 

30 types, which do not have the drawbacks of natural rubber. 

Thus US Patents Nos. 3,933,723 and 5,112,900 both re- 
late to solutions containing thermoplastic styrene-triblock 
copolymers and a plasticizer for the production of rubber 
articles. Common to the solutions disclosed in the two 

35 above-mentioned patents is that by the formation of the 

solid film a physical cross-linking takes place between the 
block copolymer molecules present in the solution, when the 
solvent evaporates, said cross-linking being caused by the 
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styrene domaines of. the molecular chains. Thereby the use of 
potentially allergy causing chemicals for the provision of a 
chemical cross-linking between the block copolymer molecules 
is avoided. Furthermore, these solutions do not contain the 
5 proteins present in natural rubber, and it is thus possible 
by using these solutions to prepare hypo-allergenic rubber 
articles. 

The rubber articles disclosed in US Patent No. 
3 , 933 ,723 have in comparison with the rubber articles ac- 

10 cording to US Patent No. 5,112,900 a higher tensile strength 
and elongation, in particular after radiation sterilization. 
Furthermore, they have a lower modulus and consequently a 
better tactility for the user. However, the tear resistance 
of the rubber articles disclosed in US Patent No. 3,933,723 

15 is low, and it is desirable to improve this property in such 
a way that for instance a glove gets a higher mechanical 
stability when getting in contact with pointed articles. 

The rubber articles disclosed in both the above-men- 
tioned US patents contain in order to attain the desired 

20 mechanical properties comparatively large amounts of plasti- 
cizer, which is preferably consistuted by a naphthenic or 
aromatic mineral oil. 

Summary of t^e invention 

25 It has surprisingly turned out to be possible to re- 

place the entire part or the major part of the naphthenic or 
aromatic oil disclosed in US Patent No. 3,933,723 by a 
styrene-isoprene-styren triblock copolymer (S-I-S triblock 
copolymer) , thereby obtaining an unexpectedly high tear re- 

30 sistance. Besides, it has turned out that rubber articles in 
which the naphthenic or aromatic oil has been replaced by an 
S-I-S triblock copolymer, have an improved resistance 
towards yellowing and towards quick disintegration of the 
physical properties, when exposed to sunlight. 

35 The object of the present invention, which is a 

further development of the subject matter disclosed in US 
Patent No. 3,933,723, is to provide a rubber article with 
high tensile strength and elongation even after radiation 
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sterilization and a low modules, and which at the same time 
has an excellent tear resistance and good resistance towards 
the sunlight. 

The object of the invention is met by providing a 
5 thin-walled rubber article comprising a polymer blend which 
comprises 

10-75% by weight styrene-isoprene-styrene (S-I-S) 
triblock copolymer, 

1-90% styrene-butadiene-styren (S-B-S) triblock copo- 
10 lymer, and 

0-25% by weight styrene-olef in-styrene (S-O-S) tri- 
block copolymer. 

Moreover, the invention relates to a process for the 
preparation of a thin-walled rubber article, said process 
15 comprising the steps of: 

a) dipping a form in a polymer blend comprising 10- 
75% by weight S-I-S triblock copolymer, 1-90% by weight S-B- 
S triblock copolymer, and 0-25% by weight S-O-S triblock co- 
polymer, dissolved in an inert solvent substantially consti- 

20 tuted by aliphatic hydrocarbons with a boiling point between 
95° and 140 °C in an amount, based on the polymer blend, of 
from 400 to 1200% by weight, said solution optionally com- 
prising a naphthenic or an aromatic mineral oil as plasti- 
cizer in an amount up to about 30% by weight, based on the 

25 polymer blend, 

b) removing the form from the solution, and, 

c) allowing the solvent to evaporate, 

which process may be repeated, until the rubber article has 
attained the desired wall-thickness. 

30 As solvent for the copolymer blend any inert solvent 

may be used, a solvent mainly consisting of aliphatic hydro- 
carbons being, however, preferred, as vapours from aliphatic 
hydrocarbons have lower toxicity than for instance halogen- 
containing or aromatic solvents. To obtain a sufficiently 

35 good dissolution of the copolymer blend and good process 

properties the solvent may advantageously contain a smaller 
amount of aromatic compounds, for instance up to 10% by 
weight of the solvent mainly consisting of aliphatic hydro- 
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carbons may be aromatic compounds. It is furthermore prefer- 
able that the aliphatic hydrocarbons -have a boiling point 
between 95°C and 140°C. Based on the blend of copolymers the 
amount of solvent preferably constitutes 400-1200% by 
5 weight. 

The solution for the preparation of a rubber article 
according to the invention may contain more than one variant 
of each type of triblock copolymers to attain a desired vis- 
cosity of the solution and/ or to attain the desired me- 

10 chanical properties of the rubber article. By "more than one 
variant" is to be understood that the solution for each type 
of triblock copolymer may contain several variants of tri- 
block copolymers with different styrene content and with 
different solution viscosity. 

15 A triblock copolymer can, when the monomers, from 

which the blocks are built, are known, be unambiguously 
characterized by the viscosity of a predetermined concentra- 
tion in a solvent and the content of the end blocks in the 
triblock coplymer. Thus a S-I-S triblock copolymer may unam- 

20 biguously be characterized by its solution viscosity in a 

25% by weight solution in toluene at a specified temperature 
and by its styrene content. 

In the solution for the preparation of the rubber ar- 
ticle according to the invention it is preferred to use a S- 

25 I-S triblock copolymer with a styrene content of from 10-30% 
by weight and a solution viscosity in a 25% by weight solu- 
tion in toluene at 25 °C of 0.5-5 Pa.s. 

S-I-S triblock copolymers may for instance be of the 
type sold under the name Cariflex TR1107 or Cariflex TR1111, 

30 which has a styrene content of 15% and 22%, respectively, 
and a solution viscosity in a 25% by weight solution in to- 
luene at 25°C of 1.6 and 1.4 Pa.s., respectively. 

As S-B-S triblock copolymers, copolymers with a very 
varying solution viscosity may be used, for instance with a 

35 solution viscosity in a 25% by weight solution in toluene at 
25°C of 0.5-30 Pa.s., but usually with a styrene content be- 
tween 20 and 40% by weight. Examples of applicable S-B-S 
triblock copolymers, which may be used alone or in combina- 



WO 95/00586 PCT/DK94/00238 



tion is: Cariflex TR1101 with a styrene content of 31% by 
weight and a solution viscosity in a 25% by weight solution 
in toluene at 25°C of 4.0 Pa.s. Cariflex TR1102 with a sty- 
rene content of 29% by weight and a solution viscosity in a 
5 25% by weight solution in toluene of 1.2 Pa.s, and Cariflex 
1184 with a styrene content of 30% by weight and a solution 
viscosity in a 25% by weight solution in toluene at 25° of 
20.0 Pa.s. 

If a rubber article is prepared from a solution con- 

10 taining solely S-I-S triblock copolymers/ the rubber article 
gets a very low modulus, and the viscosity of the solution 
will be too low for the preparation of suited rubbers ar- 
ticles by dip forming, as the walls of the rubber articles 
will be too thin and sticky. 

15 If a rubber article is prepared from a solution con- 

taining solely S-B-S triblock copolymers, the modulus of the 
article will be too high, the article thus getting insuffi- 
cient elasticity. 

As mentioned above it has hitherto only been possible 

20 to prepare thin-walled rubber articles with satisfactory 

mechanical properties on basis of S-B-S triblock copolymers 
by adding to the solution fairly large amounts of plastic- 
izer, in the form of a naphthenic or aromatic mineral oil. 
It has now unexpectedly turned out to be possible to comple- 

25 tely or partly replace the hitherto used plasticizers by S- 
I-S triblock copolymers. 

In a preferred embodiment of the invention the pre- 
viously used naphthenic or aromatic mineral oils are comple- 
tely replaced by S-I-S triblock copolymers. The content of 

30 S-B-S triblock copolymer is from 1-90% by weight, in parti- 
cular from 25-4 0% by weight of the blend of copolymers, and 
the remaining part is a S-I-S triblock copolymer. Preferably 
the blend of copolymers is constituted by about 1 part by 
weight S-B-S triblock copolymer and about 2 parts by weight 

35 S-I-S triblock copolymer. A thin-walled rubber article pre- 
pared from such a copolymer blend has, in addition to an ex- 
cellent tear resistance, good resistance towards sunlight, 
but is somewhat sensitive to influence from ozone, as ozone 
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will react with double bonds which are present in polymer- 
ized butadiene. 

In another preferred embodiment of the invention a 
rubber article with a greater ozone resistance is provided 
5 thereby that a part of the S-B-S triblock copolymer is re- 
placed by styrene-olef in-styrene (S-O-S) triblock copoly- 
mers- The content of S-O-S in the polymer blend can for 
example be from 0 to 25% by weight. Polymerized olefin is 
saturated, i.e. contains no double bonds, and is therefore 

10 less sensitive towards ozone. Such a substitution may neces- 
sitate that the solvent, apart from aliphatic hydrocarbons, 
contains a smaller amount of aromatic hydrocarbons in order 
to attain an applicable solution and in order to secure the 
development of a polymer matrix in which the various polymer 

15 chains form an interpenetrating molecular network. Further- 
more, the substitution may necessitate the presence of a 
smaller amount of naphthenic oil. 

As S-O-S triblock copolymer styrene-ethylene/buty- 
lene-styrene (S-EB-S) triblock copolymers may for instance 

20 be used, preferably with a styrene content of 10-30% by 

weight and a solution viscosity in a 25% by weight solution 
in toluene at 25° of 1-10 Pa.s. 

Preferably, the thin-walled rubber article according 
to the second embodiment comprises a polymer blend which 

25 comprises 10 to 25% by weight S-B-S triblock copolymer, 10 
to 25% by weight S-EB-S triblock copolymer and 60 to 75% by 
weight S-I-S triblock copolymer. More preferable the rubber 
article comprises about one part S-B-S triblock copolymer, 
about one part S-EB-S triblock copolymer and about 4 parts 

30 S-I-S triblock copolymer. The rubber article comprising this 
copolymer blend preferably further contains up to about 30% 
by weight of a naphthenic or an aromatic mineral oil as pla- 
sticizer, based on the copolymer blend. 

If desired, the solution for the production of thin- 

35 walled rubber articles may contain commonly used stabilizers 
and additives. Such a stabilizer might for instance be a 
zinc dithiocarbamate. 

Other features and advantages of the invention will 
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7 

be apparent from the following more detailed description of 
the preferred embodiments, taken iin conjunction with the ac- 
companying drawings, which illustrate, by way of example, 
the principles of the invention. 

5 

Brief description of the drawings 

Fig. 1 shows modulus at an elongation of 500% of a 
not sterilized specimen, a sterilized specimen and a steril- 
10 ized specimen aged for 7 days at 70 °C. 

Fig. 2 shows the tensile strength of a not sterilized 
sample, a sterilized specimen and a sterilized specimen aged 
for 7 days at 70 °C. 

Fig. 3 shows the elongation of a not sterilized spe- 
15 cimen, a sterilized specimen and a sterilized specimen aged 
for 7 dyas at 70°. 

Fig. 4 shows the tear resistance of a sterilized spe- 
cimen, and 

Fig. 5 shows the wall-thickness of the specimen. 

20 

Detailed description of the preferred embodiments 

All the specimen are prepared by dipping a condom- 
shaped form in the solution described below and then slowly 
removing the form from the solution, a thin, uniform layer 

25 of the solution thus adhering to the form. The form with the 
adhering amount of solution is then dried in an air current 
at room temperature to evaporate the solvent from the thin 
elastomeric layer. This process may be repeated until the 
rubber article has obtained the desired wall-thickness. 

30 The solution is prepared by dissolving a copolymer ic 

blend of S-I-S (Cariflex TR1111) and S-B-S (Cariflex TR1101) 
triblock copolymer in the amounts given in the abscissa in 
850% by weight of a solvent consisting of aliphatic hydro- 
carbons with a boiling point from 95-140°C, and then -adding 

35 0.5% by weight of zinc dibutyl-dithiocarbamate, the state- 
ment of amounts being based on 100% by weight of the copoly- 
mers . 

From Fig. 1 will be seen that an increased content of 
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8 

the S-I-S-copolymer causes a considerable drop in modulus, 
but this has a surprisingly small effect on the tensile 
strength, see Fig. 2, which substantially remains constant. 
The elongation stated in Fig. 3 is increased in a way to be 
5 expected. The tear resistance stated in Fig. 4 is surpris- 
ingly increasing considerably by an increased content of the 
S-I-S-copolymer. From Fig. 5 will be seen that the thickness 
of the rubber article decreases by an increased content of 
the S-I-S-copolymer on account of the lower viscosity of the 

10 solution and the subsequent reduced adherence to the form. 
If comparing Fig. 5 with Fig. 1 the necessity of adding a 
softener in the form of mineral oil becomes apparent, when 
small amounts of S-I-S-copolymers in the solution are used, 
if it is the object to produce thin-walled articles with a 

15 low modulus and a subsequent good tactility, where a low 
tear resistance is acceptable. 

From Fig. 3 will be seen that the degree of reduction 
of the quality on account of the necessary radiation ste- 
rilization normally is independent of the content of the S- 

20 I-S-copolymer. The same applies to the further reduction of 
the quality, which takes place in the aging test (7 days at 
70°C). The reduction of the quality is, however, not so pro- 
nounced that the specimen do not comply with the present 
ASTM standard no. D3577-78 (1991). 

25 Tests of the tear resistance of the various specimen 

are made on a dump bell specimen cut out of a rubber film 
with 8 mm between the parallel sides, in which an incision 
of 1 mm is made at the edge of one of the parallel sides. 
The tear resistance is then calculated as the ratio between 

3 0 the perpendicular force, which is to be applied to make the 
rubber film break, and the thickness of the film. 

The invention being thus described, it will be ob- 
vious that the same may be varied in many ways. Such varia- 
tions are not to be regarded as a departure from the spirit 

35 and scope of the invention, and all such modifications as 
would be obvious to one skilled in the art are intended to 
be included within the scope of the following claims. 
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What we claim is: 

1. A thin-walled rubber article comprising a polymer 
blend which comprises 

5 10-75% by weight styrene-isoprene-styrene (S-I-S) 

triblock copolymer, 

1-90% styrene-butadiene-styren (S-B-S) triblock copo- 
lymer, and 

0-25% by weight styrene-olef in-styrene (S-O-S) 
10 triblock copolymer. 

2. A rubber article according to claim 1, wherein the 
polymer blend contains from 60 to 75% by weight S-I-S tri- 
block copolymer and 25-40% by weight S-B-S triblock copoly- 
mer . 

15 3. A rubber article according to claim 1, wherein the S- 
I-S triblock copolymer has a styrene content of from 10 to 
30% by weight and a solution viscosity in a 25% by weight 
solution in toluene at 25 °C of 0.5 - 5 Pa.s and the S-B-S 
triblock copolymer has a styrene content of from 20 to 40% 

20 by weight and a solution viscosity in a 25% by weight solu- 
tion in toluene at 25°C of 0.5 - 30 Pa.s. 

4. A rubber article according to claims 1-3 further com- 
prising a naphthenic or an aromatic mineral oil as plastic- 
izer in an amount up to about 30% by weight, based on the 

25 polymer blend. 

5. A rubber article according to claims 1-4, wherein the 
styrene-olef in-styrene (S-O-S) triblock copolymer is sty- 
rene-ethylene/butylene-styrene (S-EB-S) triblock copolymer. 

6. A thin-walled rubber article according to claims 1-5, 
30 comprising a polymer blend which comprises 

60 - 75% by weight S-I-S triblock copolymer, 
10 - 25% by weight S-B-S triblock copolymer, 
10-25% by weight (S-EB-S) triblock copolymer, and 
up to about 30% by weight of a naphthenic plastici- 
35 zer, based on the copolymers. 

7. A rubber article according to claims 5 and 6, wherein 
the S-EB-S triblock copolymer has a styrene content of from 
10 to 30% by weight and a solution viscosity in a 25% by 
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weight solution in toluene at 25°C of a 1 - 10 Pa.s. 

8. A process for preparing a thin-walled rubber article 
according to claims 1-7 comprising the steps of: 

(a) dipping a form in a polymer blend comprising 10-75% 
5 by weight S-I-S triblock copolymer, 1-90% by weight S-B-S 

triblock copolymer and 0-25% by weight S-O-S triblock copo- 
lymer, dissolved in an inert solvent substantially constitu- 
ted by aliphatic hydrocarbons with a boiling point between 
95° and 140°C in an amount, based on the polymer blend, of 
10 from 400 to 1200% by weight, said solution optionally com- 
prising a naphtenic or an aromatic mineral oil as plasti- 
cizer in an amount up to about 30% by weight, based on the 
polymer blend, 

(b) removing the form from the solution, and 
15 (c) allowing the solvent to evaporate, 

which process may be repeated until the rubber article has 
attained the desired wall-thickness. 

9. A process according to claim 8, wherein the blend of 
copolymers contains 60-75% by weight S-I-S triblock copoly- 

20 mer and 25-40% by weight S-B-S triblock copolymer. 

10. A solution for the preparation of thin-walled rubber 
articles according to claims 1-7 by dip forming, comprising 
a polymer blend which comprises 

60-75% by weight S-I-S triblock copolymer having a 
25 styrene content of from 10 to 30% by weight and a solution 
viscosity in a 25% by weight solution in toluene at 25°C of 
0.5 - 5 Pa.s, and 

25-40% by weight S-B-S triblock copolymer having a 
styrene content of from 20 to 40% by weight and a solution 
30 visocity in a 25% by weight solution in toluene at 25°C of 
0.5 - 30 Pa.s, 

dissolved in an inert solvent substantially consisting of 
aliphatic hydrocarbons, the solvent being present in an 
amount sufficient for forming a stable solution and for per- 
35 mitting dip forming of rubber articles from the solution. 
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